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SUMMARY

1. The Target Acquisition Systems Force Mix Evaluation Analysis
(TASFMEA) Study is sponsored by the Deputy Director, Combat Sup-
port Systems. Office of the Deputy Chief of Staff for Research,
Development and Acquisition, Department of the Army. The TASFMEA
Study consists of two phases. Phase I is the development of a
methodology that will evaluate the cost and combat effectiveness
of mixes of systems within a functional area. Phase II is a dem-
ons~ration of the usefulness of the methodology. The methodology
requires a division combat simulation whose c,,nvat outcome is sen-
sitive to changes in the quality and quantity of sensor systems
deployed.

2. The Division Operations (DIVOPS) Model is the primary candi-
4ate for the combat simulation. The purpose of the sensitivity

experiment is to assess the capability of the DIVOPS Model to con-
tribute to the evaluation of combat effectiveness of mixes of tar-
get acquisition systems. The objective of the DIVOPS sensitivity
experiment is to identify those input factors reflecting the qual-
ity, quantity, and mix of sensor types which have a significant
influence upon selected output variables.

3. The oesigned fractional factorial experiment is presented for
a seven-factor experiment with each factor having three levels.

a. The design, a (1/9) x 37, required 243 DIVOPS Model runs
and permitted the testing of all main effects and all two-factor
interactions. Analyses of variance are presented for seven output
variables--also referred to as measures of effectiveness (MOE):
MOE 1 - Total Number of Red Targets Detected; MOE 2 - Numoer of
Red Personnel Killed Due to Detection; MOE 3 - Number of Red Wea-
pons Killed Due to Detection; MOE 4 - Total Number of Red Person-
nel Killed; MOE 5 - Total Number of Red Weapons Killed; MOE 6 -
Total Number of Blue Personnel Killed; and MOE 7 - Total Number of
Blue Weapons Killed.

b. Analyses results illustrate the sensitivity of the seven
input factors which are:

WAIT - Time a target acquisition (sensor) system uses
waiting for and adjusting fire support,

PC/PCINT - Fraction of targets for which a sensor has
coverage and line-of-sight,

DELTHR - Macro time clock increment,

iti
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SENDLA - Time required for a sensor system to process and
report a detected target,

SENS - Total number of sensors,

TYPE - Operational classification defined by a combina-
tion of active/passive, mobile/stationary, targeting/non-target-
ing, and waiting/nor-waitirg,

DENTI - Inverse of the mean time to detect a targpt,
given that the sensor has coverage and line-of-sight.

4. The seven DIVOPS Model output variables investigated are sen-
sitive to the seven input factors. The input factor WAIT had the
least effect upon the output variables. DELTHR and WAIT do not in
general interact with the other inpitt factors. However, PC/PCINT,
SENDLA, SENS, TYPE, and DFNTI do interact strongly. VariaHlity
in the Total Number of Red Personnel Killed and the Total Number
of Red Weapons Killed is attributable to the variability in the
Number of Red Personnel Killed Due to Detection and the Number of
Red Weapons Killed Due to Detection, respectively. The Number of
Red Weapons Killed Due to Detection and the Total Number of Red
Weapons Killed are more sensitive to changes in SENDLA and WAIT
than are the Number of Red Personnel Killed Due to Detection and
the Total Number of Red Personnel Killed. Neither Red nor Blue
Personnel or Weapons Killed can be predicted from the Total Number
of Red Targets Detected. The DIVOPS Model reflects the effects of
saturation of both sensors and fire support systems.

5. Analyses results successfully accomplished the experimental
objectives by identifying the model input factors which signifi-
cantly influence selected model output variables.

iv
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SENSITIVITY ANALYSIS OF SELECTED DIVOPS INPUT FACTORS

CHAPTER 1
INTRODUCTION

1-1. BACKGROUND. The Target Acquisition Systems Force Mix Eval-
uation Analysis (TASFMEA) Study is sponsored by the Deputy Direc-
tor, Combat Support Systems, Office of the Deputy Chief of Staff
for Research, Development and Acquisition, Departme.-nt of the Army.
A task;ng directive was issued by the study sponsor on 30 March
1977.

a. The TASFMEA Study consists of two phases. Phase I is the
development of a methodology that will evaluate the cost and com-
bat effectiveness of mixes of systems withir a functional area.
The methodology is to include the application of appropriate ana-
lytical techniques to determine the relative value to a combat
force of individual components aad alternative mixes. Phase II is
a demonstration of the usefulness of the methodology. The demon-
stration is to determine a mix of target acquisition systems that
yields an improved capability at a lesser cost while staying
within currently planned target acquisition dollar an•d manpower
resources.

b. The methodology for TASFMEA is described in the study plar,
Reference 1. This methodology requires a division combat simula-
tion whose combat outcome is sensitive to changes in the quality
and quantity of sensor systems deployed.

c. The DIVOPS Model is the primary candidate for the combat
simulation. DIVOPS is a two-sided, deterministic, nonplayer model
of division-level ground combat with air support. The model pro-
duces a time history of results of :ombat, weapon and personnel
losses, force locations, ammunition consumption, etc., over each
time period and cumulative over the total time. Detailed documen-
tation of DIVOPS is in Reference 2.

1-2. PURPOSE. The purpose of the DIVOPS sensitivity experiment
was to assess the capability of the DIVOPS Model to evaluate the
combat effectiveness of mixes of target acquisition systems.

L-4. OBJECTIVE. The objective of the DIVOPS sensitivity exreri-
ment was to identify those input factors reflecting the quality,
quantity, and mix of sensor types which have a significant influ-
ence upon selected output variables and to estimate the magnitude
of the input factor effects. The objective was the driving force
in the selection of the input factors to be evaluated.

1-1
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1-4. INPUT FACTOR SELECTION. In selecting the DIVOPS input fac-
tors, the primary candidates were those factors which describe
sensor systems. The seven input factors selected are listed and
described below (see Reference 2 for detuiled definitions of the
input factors).

a. WAIT. The amount of time, in minutes, that a waiting type
sensor spends waiting for and adjusting artillery fire or close
air support. By Selecting zero as one of the levels of WAIT to be
tested, the effect of a non-waiting sensor can be examined.

b. PC/PCINT. The fraction of target elements in each range
band* and inter-FEBA interval"t for which the sensor has both
coverage and line-of-sight. Both variables are a function of sensor
and target type. PC contains the data for the range bands and
PCINT contains the data for the inter-FEBA interval. The values
used for the sensitivity test were the same for all range bands
and all target types.

c. DELTHR. The time, in minutes, of one increment of the
macro tiýmeclock in DIVOPS. During each increment, activities and
time support allocations are assigned and force locations updated.
Ammunition inventories and weapons and personnel levels are
changed to account for attri-ion and expenditure. DELTHR does not
describe sensor characteristics, but was included in the experi-
ment in order to assess its interaction with the other factors.

d. SENDLA. The time, in minutes, that a sensor spends pro-

cessing and reporting a target it has detected.

e. SENS. The total number of sensors used for the model run.

f. TYPE. The DIVOPS Model classifies sensors according to one
of the possible combinations of the following binary descriptors:
active/passive, mobile/stationary, targeting/non-targeting, wait-
ing/non-waiting. Two sensor types were used for the sensitivity
test: an active/mobile/targeting/waiting sensor and an
active/stationary/targeting/waiting sensor. The only impact a
non-targeting sensor has on the model is to produce detections.
Tne current tactical decision rules use sensor information only in
the allocation of support fire or air strikes.

*Distance on each side of the FEBA is divided into discrete

bands.

"*Distance between the Red and Blue FEBA.

1-2
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g, DENTI. The inverse of the mean time to detect a tai'get
element, given that the sensor has coverage and line of sight.
DLNTI is a function of the sensor, target type and range band.
For the sensitivity test the same value of DENTI was used for all
target types and range bands.

1-b. MEASURES OF EFFECTIVENESS. Seven measures of effectiveness
(MOE) were chosen to determine if battle outcome is sens. ,ve to
changes in the Input factors. The flrAt MOE selected was the to-
tai number of detections. It was included in order to establish
basic trends and for correlation with the other MOE. The next two
MOE chosen were Red personnel and Red weapons killed as a result
of ielng detected. These were selected because the methodology
for TASFMEA re•quires that the effectiveness model used be able to
attribute damige directly to sensors; that is, give credit for
kills to the sensor which detected the target engaged by artilley
or air strikes. The remaining four MOE were selected to determine
if gross battle outcome was effected by changes in the input fac-
tors. These four MOE are the total number of Red and Blue person-
nel and Red and Blue weapons killed.

1-6. SCENARIO. For the sensitivity experiment, 24 hours of com-
bat were simulated, using forces and terrain as defined in tie Eu-
ropean I, Sequence 2A, Scenario Oriented Recurring Evaluation Sys-
tem (SCORES). The 3d Armored Division comprises the Blue cover-
ing and main battle forces.

1-3
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CHAPTEE 2

EXPERIMENTAL DESIGN

2-1. DESIGN OF THE SENSITIVITY EXPERIMENT. The seven-factor,
three-level factorial experiment ultimately designed for the sen-
sitivity experiment is discussed in this chapter. First, the input
factors and levels are given; then the fractional factorial design
is explained. Finally, the analysis of variance (ANOVA) model is
given, significance testing is discussed, andthe ANOVA table is
illustrated.

2-2. INPUT FACTORS. Seven input factors were selected for the
sensitivity investigation. Because it was desired to investigate
curvilinear trend effects, at least three levels of each input
factor were required. The three levels ultimately developed for
each of the seven factors are given in Table 2-1. The table also
defines the units of measure of each factor.

Table 2-1. Factors and Levels Identification

Symbol Factor Levels

0 1 2

A WAIT (minutes) 0.00 3.OC 6.00

B PC/PCINT (probability) 0.01 0.40 0.80

C DELTHR (minutes) 7.50 11.25 15.00

0 SENDLA (minutes) 0.00 7.50 15.00

E SENS (no. of sensors) 2.00 20.00 40.00

F TYPE (percent stationary) 0.00 50.00 100.00

G DENTI (1/minutes) 0.000006 1.50 3.00

2-3. DESIGN. a. The letter designators (A, B, ... , G) are later
used as symbols for the seven factors. Similarly, the coded lev-
els (W, 1, 2) for each factor are used later to specify the cell
identification of the experimental design. The seven factors are
completely crossed. That is, the three levels of each factor

2-1
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2;'x,,r in combination with all three levels of all the other fac-
t-rs. 'lTen all factors are completely crossed, the design is re-
t'rred to as a factorial design. A full factorial design of the
-,won factors consists of 3 = 2187 factor level combinations.
ii;,.<ver, all comoinations are not necessary for the measuring and
t, ,ting of all main effects and all two-factor interaction ef-
t!:cts. Because no a priori information existed concerning the in-
toriction effect of-n-deli--nput factors, it was deemed essential
thit the experimental design permits the estimation of main ef-
t'cts and two-factor i*Ateraction effects.

b. A fractional factorial design was developed using I a ABCDE
CU2 EF2-• 2 as the defining contrast, where A, B, .. , G represent

t"-- seven factors identified in Table 2-1. This yileded a 1/9 x
3' fractional factorial design havina 243 design points. The de-
sijn oermits the estimation and testing of the 7 main effects and
the ( ) = 21 two-factor interaction effects. Aliases of the main
effecis and the two-factor interactions are given in Table 2-2.
The 243 factor level combinations are identified in Table 2-3.
The coded levels (0, 1, 2) are defined in Table 2-1. For example
the fifth run, 2000101, denotes that each of the seven input fac-
tors be set at the input values--WAIT = 6.0, PC/PCINT - 0.01,
DELTHR = 7.5, SENDLA = 0.0, SENS = 20.0, TYPE = 0.0, and DENTI
1.5.

2-4. ANALYSIS OF VARIANCE (ANOVA). a. The fixed effects ANOVA
model for the above fractional factorial design is:

y = u + A + B + ... + G + AB + AC + ... + EG + FG + R

The dependent variable (y) represents the measure oc effectiveness
(0OE) and the letters A, B, ... , G represent the input factor ef-
fects. The overall common effect is denoted by u, and the resid-
ual is denoted by R. Subscripts are omitted from the model equa-
tion for notational simplification. First, a fixed effects ANOVA
is performed as illustrated in Table 2-4.

b. The test statistics for testing the significance of the
model input factors are the ratios of mean squares in the F-rat")
column. The test statistics are F distributed. Therefore, test-
ing is performed by comparing each F-ratio to a critical F-value.
For example, if (MS(A)/MS(R)) is equal to or greater than F(1-%,
2, 144), input factor A is scatistically significant at the a-level
of significance. That is, the change from U to 3 minutes and then
from 3 to 6 minutes for the input factor WAIT causes a statisti-
cally significant effect upon the particular MOE under analysis.
Similarly if (MS(AB)/14S(R)) > F(1-x, 4, 144), the input factors
A and B are said to have a statistically significant interaction

2-2
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effect upon the !)IVOPS output MOE. Interactions are important be-
cause, if two input factors interact, conclusions about either of
the factors are dependent upon the level of t.he other factor.
The results of the testing will identify the statistically sig-
nificant main effects and interactions. Results o~f andlyses are
presented in Chapter 3.

2-3
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Table 2-3. DIVOPS Sensitivity Experiment Runs
(page I of 2 pages)

Run Factor I Run Factor i Run Factor I Run Factor
no. levels no. levels no. levels no. levels

ABCDEFG ABCOEFG ABCDEFG ABCDEFG

nnl 10000 o 01") n2 0011122 n83 211n1021 124 111122n

"r2 1nn0021 n043 701122n 084 21In 112 12S 1111211

103 11001132 044 20112II nes i10n3l1 126 113V202

nn0 200l01"1 0n 2011202 M86 l10nlnl 127 21120n'
"I0D 200n101 (46 '012020 ns, 11n0122 128 2112214

n 6 2000n12?2 N'7 ? 012011 088 0100220 129 2112002
"7 I n100220 14a 0012n02 089 0100211 130 1112100
"In8 10j00211 n49 20121-31 n}0 1031202 131 1112121

0ln9 1nIn202 osr 2312121 091 13 01n20 1'2 1112112
010 2011121 O.l 2,112112 192 111 11 : 133 0112210
nil 2311111 n 52 1112211 093 llql02 134 0112231

012 211•,102 5S3 10n12201 1,94 010110n 135 0112222
033 100n110nn noi I?)12222 os 01121 136 0120020
n01 1001121 MsI 1020020 o9q n0n1l12 1-17 0120011
015 101112 056 1320nll 097 211121n 1!8 n1!1002 .

116 n 20'oIO 213ins 3PIn20r0n2 098 2101201 13-9 2120100
1 0 I 2 0.ti os o20100 11q 2103222 140 2120121

1118 1%101222 ,ns 'M 20121 100 1012010 141 2120112

119 10120n1 '160 10 21112 1n0l I r;102i01 142 1120210

"12n 10201 ,61 2022i21, ,102 n0!2122 143 112.201
121 0102n22 n62 2n202ni 103 21012120 344 1120222

122 1n002120 03 2,012022 104 2102111 146 2121,110
02! 0n02111 064 n021010l 10 2102102 1'6 2121101
l2a io10n2102 ;6S n021 "101 106 1112200 147 2121022

n2S 21122,"13 066 121"122 I17 11"2221 148 1121121

,02C 20n2221 167 2021120 108 1112212 I19 1121111
127 2n12212 Igo 2021111 1,9 1110011 l0 121102

"128 210n010 069 2n21102 l1n 1110001 isI 012120
129 2,110 01 n70 10212n0 'Ill 11'1n22 1S2 0121221
130 2nl0n22 n0l 1021221 112 n01n120I S3 0121212

131 1010120 -72 1123312 I! nllnll 011 1122r0

0372 1(11l11 073 2122700 114 11 11n2 lS 1122021
'n!3 InIn1,12 !74 2n22n21 115 2110201•) .e 1122012

'034 0010200 975 2n22012 116 211n221 le 012211
-n35 1nI3'1221 1 176 322111 117 2110212 1.58 1322121
'136 0101'212 077 1n22101 1!8 n0111n0 35I 0322122

037 1n01100 178 1022122 119 lI 111i21 160 21222201

138 1011121 179 n0022220 ,120 01111,'12 161 2122211

n39 1011112 n0o i' 22211 1121 2111111 162 2122202

"104 '10111.' II l n0 22202 '122 2111101 163 120rJ000

08'1 inIrI '82 2 1 0n00 '123 2111122 164 1210121
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Table 2-3. DIVOPS Sensitivity Experiment Runs
(page 2 of 2 pages)

Run Factor Run Factor I Run Factor I Run Factor

no. levels no. leve, . no. levels no. levels

ABCDEFG ABCDEFG ABCDEFG ABCDEFG

16,; 121in012 18S 1232111 205 0211220 22S 0221222

166 1200110 186 12121n2 206 0211211 226 122111r

16? 12, 2 tin I er 02*n2no 207 12112n2 227 1221101

168 1200122 188 n202221 208 1212120 228 122112?

169 2200220 139 rl2112212 203 1212111 229 0221121

1?7 220n211 190 0210n1 210 12170n2 230 O221t11

171 2230202 191 92]n1001 211 1212 1n 231 n2211-riý

172 0201020 192 n210n22 212 02122721 232 2221 21M.

173 n201011 193 221n120 213 1212112 233 2221221

174 1231002 194 2210111 21" 2212211 23" 2221212

175 2201100 19S 2210102 215r 22122n0 23S n2222Inn

176 2201121 196 1•-12,rl 21c 212222 2!6 1222 121

177 2211132 197 121,1221 21? 222nfl20 237 0222312

178 1211211 198 1210212 218 2220111 238 7222110

179 1201201 199 2211n00 214 222n002 239 2222101

18n 1201222 200 2211021 220 122n0nn 24n 2222122

181 22n2.111 >2n1 2211122 221 122n021 241 1222221

182 2212n01 202 12111)0 222 1220112 242 1222211

183 22,2"122 2n0 1211101 223 022n210 243 1222202

18,4 1212120 2041 1211122 22#4 n221211
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Table 2-4. Analysis of Variance

Source of Degrees of Sum of Mean square F-ratio
variation freedom squares

A 2 SS(A) MS(A) MS(A)/MS(R)
B 2 SS(B) MS(B) MS(B)/MS(R)
C 2 SS((,) MS(C) MS(C)/MS(R)
D 2 SS(D) MS(D) t4S(D)/MS(R)
E 2 SS(E) MS(E) MS(E),MS(R)
F 2 SS(F) MS(F) MS(F)/MS(R)
G 2 SSjG) r4S(G) MS(G)/MS(R)

AB 4 SS(AB) MS(AJ3) MS(AB)/MS(RII
AC 4 SS(AC) MS(AC) MSiAC)/MS(R)
AD 4 SS(AD) MS(AD) MS(AD)/MS(R)
AE 4 SS(AE) MS(AE) MS(AE)/MS(R)
AF 4 SS(AF) MS(AP) t4S(AF)/MS(R)
AG 4 SS(AG) MS(AG) MS(AG)IMS(R)
BC 4 SS(BC) MS(BC) MS(BC)/MS(R)
BD 4 ;S(BD) MS(BD) MS(BD)/MS(R)
BE 4 SS(BE) MS(BE) MS(BE)/MS(R)
BF 4 SS(BF) NS(BF) 14S(BF)/MS(R)

BG4 SS(8G) !4S(BG) 145(BG)/MS(R)
CO 4 SS(CD) MS(CD) MSCCD)/MS(R)
CE 4 SS(CE) MS(CE) MS(CE)/MS(R)
CF 4 SS(CF) MS(CF) MS(CF)/MS(R)
CG 4 SS(CG) 145(CG) 14S(CG)/MS(R)
OE 4 SS(DE) MS(DE) MS(DE)/MS(R)
OF 4 SS(DF) MS(DF) MS(DF)/MS(R)
DG 4 SS(DG) MS(DG) MS(DG)/MS(R)
EF 4 SS(EF) MS(EF) t4S(EF)/MS(R)

EG4 SS(EG) MS(EG) MS(EG)/MS(R)
FG 4 SS(FGi) MS(FG) MS(FG)/MS(R)

R 144 SS(R) 145(R)

Total 242 SS(T)
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CHAPTER 3

SENSITIV'TY ANALYSIS

3-1. ANALYSIS INTRODUCTION. T1iis chapter presents the analysis
results obtained frim applyirig the methodology explained in the
previous chapter. Aralyces results are given for seven DIVOPS
output variables, hereafter referred to as measures of effective-
ness (MOE). Tne MOE are categorized into three groups: Detec-
tions, Personnel, and Weapons. Analyses are presented for each
MOE group in turn.

3-2. MODEL OUTPUT. The seven MOE are listecj in Table 3-1. The
output data for each of the seven MOE are given in Table 0-1 of
Appendix U.

Table 3-1. Measures of Effectiveness

MOE Definitioi

1 Total Number of Red Targets b,.tecteu

2 Number of Red Personnel Killed Due to Detection

3 Number of Red Weapons Killed Due to Detectiun

4 Total Number of Red Personnel Killed

5 Total Number of Red Weapons Killed

6 Total Number of Blue Personnel Killed

7 Total Number of Blue Wcapons Killed

3-3. PRESENTATION ORDER. The analysis of variance illustrated in
Table 2-4 was performed on each of the seven MOE. During the ana-
lyses and the study of analyses results, a commonality or pattern
emerged. With hindsight certain MOE groupings are felt to be nat-
ural. Personnel Killed (MOE 2, 4, and 6) form one group, while
Weapons Killed (MOE 3, 5, and 7) form another. Consequently, for
the purpose of analyses discussion, the order of presentation is:

3-1
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A. MOE I ------------- Detection

B. MOE 2, 4, and 6 ----- Personnel

C. MOE 3, 5, and 7 ----- Weapons.

3-4. PRESENTATION CONTENT. Because the ANOVA model is a fixed
effects model, the null hypotheses being tested by the ANOVA are
the equality of means and mean differences. For example, the
F-ratio MS(A)/MS(R) tests the equality of the three WAIT factor
means. The F-ratio MS(AB)/MS(R) tests the WAIT xPC/PCINT intar-
action, the equality of the mean differences of one factor (say
WAIT) for each of the levels of the other factor (say PC/PCINT).
Figure 3-1 is an illustration of no interaction between two fac-
tors; Figure 3-2 is an illustration of interaction between two
factors. Note, the lines in Figure 3-1 are parallel, while the
lines in Figure 3-2 are not parallel. That is, in Figure 3-1, the
change in the MOE when WAIT is varied from 0 to 3 to 6 minutes is
the same for each of the three PC/PCINT values. In Figure 3-2,
the change in the MOE when WAIT is varied depends upon which value
is used for the PC/PCINT factor. For completeness, all means
tested by the analysis of variance are tabulated. First the mar-
ginal means are presented. Then the two-way means corresponding
to the two-factor interactions are given. Following the ANOVA
table, a plot of the marginal means is given. Finally, plots of
so•.e of the most significant interactions are shown.

3-5. DETECTION MOE. a. Main Effects. The nmarginal means for
MOE 1, Total Number of Red Targets Detected, are tabulated in
Table E-1 of Appendix E. The two-way means are given in Table E-
2. The conventional notation of using *, *, and *** to denote
significant F-ratios for a -levels of significance of a 0.05,
O.01, and 0.001, respectively, are used in the ANOVA tables. (See
the footnotes at the bottom of Table E-3.) An examination of the
table shows that SENDLA (D) is the most highly significant main
effect and that WAIT (A) and SENS (E) are not statistically sig-
nificant at the U.05-level of significance. DELTHR (C) is sig-
nificant at only .he 0.05-level of significance. The main effects
are illustrated graphically in Fiture E-1, which contain plots of
the marginal means tabulated in T able E-1.

b. Interaction Effects. Further examination of the ANOVA
table shows that four interactions are significant at the
O.001-level of significance, PC/PCINT x SENDLA (BD), SENDLA x TYPE
(OF), SENDLA x DENTI (DG) and TYPE x DENTI (FG). Two of the in-
teractions are illustrdted pictorially in Figures E-2 and E-3.
PC/PCINT x SENDLA (BD) is shown in Figure E-2, and SENDLA x DENTI
(DG) is shown in Figure E-3.

3-2
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PC/PCINT = 0.01

PC/PCINT = 0.40

MOE PC/PCINT = 0.80

0 3 6
WAIT

Figure 3-1. No Interactior

PC/PCINT = 0.40

PC/PCINT = 0.01

PC/PC.NT = 0.80
MOE

0 6
WAIT

Figure 3-2. Interaction
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Note in Figure E-2 how differently the change in the Total Number
of Red Detections is when PC/PCINT (3) is at 0.01 and SENDIA (D)
iv varied than is the change when PC/PCTNT (B) is at 0.4 or 0.8
and SENDLA (D) is varied. This illustrates a strong interaction
effect which the two factors have upon the MOE.

c. Discussion. Two phenomena, the behavior of DENTI and
SENDLA, deserve special mention. In Table E-1 and/or Figure E-1,
note the large change in the number of detections when each factor
changes from its low to mid value. Then a leveling off in the
number of detections is observed when the factors ch3nge from mid
to high values (See Figures E-1, E-2 and E-3). The effect of
DENTI suggests a saturation phenomenon. That is, increasing DENTI
(decreasing detection time) beyond a certain point does not pro-
duce an improvement in performance. The effect of SENDLA illus-
trates the criticality of delay in processing and reporting detec-
tions.

3-6. PERSONNEL MOE. a. Main Effects

(1; The marginal means for the three personnel MOE (2, 4,
and 6) are tabulated in Table F-i of Appendix F. The two-way
means for the three MOE are given in Tables F-2, F-3, and F-4, re-
spectively. Tables F-5, F-6, and F-7 contain the ANOVA tables for
the three MOE. A cursory examination of Tables F-5 and F-6 shows
that DENTI (G) is the most highly significant main effect, while
WAIT (A) is the least significant. Referring back to Table F-i
shows that the maximum difference among the three means is for
DENTI (1572 for MOE 2 and 1461 for MOE 4). Also, the minimum dif-
ference is for WAIT (279 for MOE 2 and 248 for MOE 4). Although
the ANOVA table for MOE 6 (Table F-7) also shows DENTI to be sig-
nificant at the a = 0.001-level of significance and WAIT to be
nonsignificant it the a = 0.05-level of significance, the most
highly significant factor is DELTHR (Ci.

(2) The marginal means tabulated in Table F-i are plotted in
Figures F-i, F-2, and F-3 of Appendix F. Figures F-i and F-2 show
the consistency of the influence of the seven input factors upon
the two Red personnel MOE. This consistency is further borne out
by the differences between MOE 2 and MOE 4 marginal means. Corre-
sponding marginal means of MOE 2 were subtracted from MOE 4 and
are tabulated in Table 3-2. A'] mean differences are relatively
constant except those of the DELTHR factor. The average of the
mean differences in Table 3-2 is 4,331. This constant difference
is illustrated graphically in Figure F-4 in which each MOE is
plotted on the same scale. Figure F-5 is also included for com-
pleteness. It shows the total Re' and Blue personnc: killed on
the same graph. The figure shows that the input factors do not
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influence Blue personnel in the exact opposite manner that they
influence Red personnel. The plots for Blue personnel are not
mirror images of the Red personnel plots.

Table 3-2. MOE 4 Marginal Means Minus MOE 2 Marginal

Means

Level

Factor 0 1 2

A - WAIT 4,308 4,341 4,338

B - PC/PCINT 4,323 4,316 4,349

C - DELTHR 4,59Z 3,810 4,585

D - SENDLA 4,305 4,331 4,351

E - SENS 4,354 4,401 4,277
F - TYPE 4,300 4,335 4,353

G - DENTI 4,331 4,353 4,303

(3) The above are merely observations; they are not conclu-
sions. Before statistical inferences can be made about the sig-
nificance of the input factors, interaction effects must be inves-
tigated.

b. Interaction Effects

(1) The importance of interactions cannot be over einpha-
sized. If two input factors interact, the influence of a change in
an input value of one factor upon an MOE is dependent upon the in-
put value at which the other factor is set. Consequently, input
values of a pdrticular input factor cannot be changed without con-
sidering the input value(s) used for the factor(s) which interact
with the particular input factor.

(2) To examine the interaction erfects, we return to the
ANOVA tables (Tables F-5, F-6, and F-7). An examination of the
ANOVA tables suggests a pattern. Factors WAIT'(A) and DELTHR (C)
do not interact with the other input factors. However, the other
factors interact strongly upon the three MOE. Table 3-3 shows the
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rank ordering of the statistical significances of the most highly
significant interaction effects. The interaction between PC/PCINT
ana DENTI is the most significant interaction for MOE 2 and MOE 4,
and the interaction between PC/PCINT and SENS is the most highly
significant interaction for MOE 6.

Table 3-3. Rank Order of Intcractions Significances
for MOE 2, 4, and 6

Interaction MOE 2 MOE 4 MOE 6

BG - PC/PCINT x DENTI 1 1 3

BE - PC/PCINT x SENS 2 2 1

B - PC/PCINT x SENDLA 4 4 4

EG - SENS x DENTI 5 5 5

DG - SENDLA x DENTI 1 6 2

EF - SENS x TYPE 3 3 -

DF - SENDLA x TYPE 6 a 6

BF - PC/PCINT x TYPE - 7 -

(3) Note the pair-wise interaction among the four factors,
PC/PCINT, SENDLA, SENS, and DENTI (B, D, E, and G). A similar
pattern will also be seen later for MOE 3, 5, and 7. Because of
this pattern, B, D, E, and G were collapsed over the other three
factors. This gave a full 34 design with 3 replications per cell.
A four-factor ANOVA revealed none of the four three-factor inter-
actions (BDE, BOG, BEG, and DEG) to be significant for any of the
seven MOE. The five interactions involving e, 0, E, and G (BG,
BE, BD, EG, and DG) are shown graphically in Figures F-6 through
F-IU in Appendix F. Figures F-1I through F-15 illustrate the same
five interactions for MOE 4, and Figures F-16 through F-20 illus-
trate them for MOE 6.

(4) Although the three-factor interactions cited above were
not statistically significant by the four-factor ANOVA, they were
studied. The PC/PCINT x SENDLA x DENTI (BOG) means and the PC/
PCINT x SENS x DENTI (BEG) means were extracted and are shown in
Tables F-8, F-9, and F-IU. In Tables F-8 and F-9, the smallest
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mean is underlined and the largest mean is circled. In Table
F-lU, the smallest mean is circled and the largest mean is
underlined. Consider the bottom table (BEG) of Table F-8 rnd note
the locations of the maximum value. When SENS = 2, E(U), the
maximum is at PC/PCINT = 0.40 and DENTI = 1.5, B(1) and G(1).
However, when SENS = 20, E(1), the maximum moves to PC/PCINT =
0.01, B(O). Then, when SENS = 40, E(2), the maximum moves to
DENTI = 3.0, G(2). The BEG three-way mean table is illustrated
graphically in Figure F-21. The same interaction is illustrated
for MOE 4 and MOE 6 in Figures F-22 and F-23, respectively.

c. Discussion

(1) The relationship between MOE 2 and MOE 4 is important
for the TASFMEA methodology because only the characteristics and
mixes of sensors will be changed. All the variability in MOE 4 is
equal to and attributable to the variability in MOE 2. No gain or
loss due to changes in the input factors is dampened nor amplified
by synergistic effects in the model. Thus, all the changes in ef-
fectiveness will be directly attributable to the individual sen-
sors.

(2) DELTHR is the exception to the above relationship. A
close check of the model code revealed that some sections of the
model, particularly those dealing with close air support, had been
programed under the assumption that the value of DEL'dR would al-
ways be 15 minutes. However, since DELTHR generally does not in-
teract with the other factors, this does not influence the effects
of the other factors.

(3) For all three personnel MOE, effectiveness decreased be-
tween the mid and high levels of DENTI. This also appears in the
interactions between DENTI and SENS. Figures F-9 and F-14 show
the interaction between DENTI and SENS for MOE 2 and 4, respec-
tively. In both figures the peak level of Red losses is reached
when DENTI is at the middle level and SENS is at the high level.
This tendency is due to the effect of saturation of various model
processes. Basically, the problem is too much information, too
fast for the target selection process, the fire allocation pro-
cess, and the target engagement process to handle optimally. When
the sensors reach a point at which a large number of targets are
detected, the target selection and fire allocation processes have
more targets than engagement capabilities. This results in the
higher priority targets only being engaged. Since these high pri-
ority targets are more difficult to kill than most targets, the
effect is that lower priority Red targets are left unengaged.
Thus, Red effectiveness is greater when only the higher priority
targets are engaged than when Red targets are engaged in a more
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uniform manner. This degradation is due in part to limitations in
the ability of the target allocation routines to handle special
cases. The threshold problem is compounded because the threshold
is a complex function of several variables. Since it is desirable
to simulate saturation, this is not necessarily a model weaknes;.
However, in using the model, it must be realized that these
thresholds exist and results must be monitored to insure that they
occur at reasonable levels.

(4) The number of detections (MOE 1) increases, as it
should, as PC/PCINT is increased. However, the trend for the per-
sonnel MOE as PC/PCINT is increased is counterintuitive. A review
of the model code revealed no errors or reasons for this counter-
intuitive behavior. Since PC/PCINT interacts so strongly with the
other variables, particularly DENTI, SENlS, and SENDLA, a careful
study of these interactions was made. A consistent pattern
emerged, PC/PCINT interacting w~th DENTI, SENS, and SENDLA. As
sho,6,i in Figure F-6, when the other factor (DENTI) is at its
.iddle or high level, the trend of PC/PCINT is similar to the PC/

PCINT main effect. However, when DENTI is at its low level the
trend for PC/PCINT is similar to the DENTI main effect. The ef-
fectiveness increases when DENTI changes from the low to the
middle level and then decreases when DENTI chances from the middle
level to the high level. This suggests saturation, since at the
high level of PC/PCINT, eighty percent of all Red targets are po-
tentially detectable.

(5) Although the three way interactions PC/PCINT x SENDLA x
DENTI and PC/PCINT x SENS x DENTI were not statistically signifi-
cant, study of these interactions reinforced the belief that the
counterintuitive behavior of PC/PCINT was due to a saturation ef-
fect. Table F-8 shows the MOE 2 data for the interaction PC/PCINT
x SENS x DENTI. When SENS is at its low level, the maximum is
when both PC/PCINT and DENTI are at their middle levels. When
SENS is at its middle and high levels, the behavior of PC/PCINT x
DENTI is similar to the two-way interaction case.

3-7. WEAPON MOE. a. Main Effects

(1) The marginal means for the three weapon MOE (3, 5, and
7) are given in Table G-1. The two-way means for the three MOE
are in Table- G-2, G-3, and G-4, and the ANOVA tables are in
Tables G-5, G-6, and G-7. The significance of main effects is
similar to that seen for MOE 2, 4, and 6 in paragraph 3-5a.
Factors SENS (E) and DENTI (G) are highly significant, and WAIT
(A) and DELTHR (C) are the least statistically significant for MOE
3 and 5. However, DELTHR (C) is highly significant for MOE 7.
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(2) The main effects are illustrated in Figures G-1, G-2,
and G-3. Again, for comparative purposes MOE 3 and MOE 5 are
plotted on the same scale (Figure G-40, and MOE 5 and 7 are plot- /
ted on the same scale (Figure G-5). A comparison of Figure G-4
and Figure F-4 shows the similarity of the relationships between
MOE 3 and MOE 5 and the relationships between MOE 2 anO MOE 4.
Likewise, Figures G-5 and F-5 show the similarity of the relation-
ships of the total Red and Blue weapons killed to the relation-
ships of the total Red and Blue personnel killed. Again, the two
means were differenced to check the consistency of the relation-
ships. Table 3-4, shows the differences (MOE 5 minus MOE 3) be-
tween corresponding marginal means. As before, the differences
are relatively constant except those for DELTHR (C). The average
difference is approximately 3,609.

Table 3-4. MOE 5 Marginal Means Minus MOE 3 Marginal
Means

S~ Level i

Factor 012

A - WAIT 3,599 3,608 3,604 y

B - PC/PCINT 3,650 3,607 3,608

C - DELTHR 3,626 3,581 3,660

D - SENDLA 3,609 3,600 3,601

E - SENS 3,610 3,599 3,600

F - TYPE 3,595 3,606 3,607

G - DENTI 3,598 3,607 3,605

b. Interaction Effects

(1) Returning to the ANOVA tables in Tables G-5, G-6, and
G-7 to examine interactions, we see a pattern of significant in-
teractions similar to the pattern seen in the previous section.
The interactions between PC/PCINT (B) and SENS (E) and between PC/
PCINT (B) and DENTI (G) are highly singificant. Factors WAIT (A)

3-9

7

A _.__



CAA-TP-77-9

and DELTHR (C) again do not tend to interact with the other input
factors. Table 3-5 shows the rank orderings of the statistical
significances of the most highly significant interactions. A com-
parison of Table 3-5 and Table 3-3 shows the similarity of the
patterns of significant interactions.

Table 3-5. Rank Order of Interactions Significances
for MOE 3, 5, and 7

Interaction MOE 3 MOE 5 MOE 7

BG - PC/PCINT x DENTI 1 1 3

BE - PC/PCINT x SENS 2 2

BD - PC/PCINT x SENDLA 4 4 4

EG - SENS x DENTI 5 5 5

DG - SENDLA x DENTI - - 2

EF - SENS x TYPE 3 3 -

DF - SENDLA x TYPE 6 - 6

(2) The same five interactions that were shown in the previ-
ous section, BG, BE, BD, EG, and DG, are graphically illustrated
for MOE 3 in Figures G-6 through G-1O. Figures G-11 through G-15
illustrate the interactions for MOE 5, and Figures G-16 through
G-20 show the interictions for MOE 7.

(3) The two sets of three-way means, PC/PCINT x SENDLA x
DENTI (BDG) and PC/PCINT x SENS x DENTI (BEG), that were extracted
are shown in Tables G-8, G-9, and G-1O. Although an examination
of the tables shows that the minimum and maximum values do not
shift like they did for MOE 2, 4, and 6, the plots of the means
(Figures G-21, G-22, and G-23) look very similar to Figures F-21,
F-22, and F-23 of the previous section.

c. Discussion. In general, the observations previously made
for the personnel MOE also hold for the weapons MOE. Two addi-
tional effects were observed. First, the factor WAIT, which does
not have a significant effect on the personnel MOE, has a signifi-
cant effect upon the weapons MOE. This and the behavior of SENDLA
indicate that delay times are much more critical in engaging the
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mort mobile weapons targets. Secondly, with the excpption of
DELTHR and TYPE, input factor effects upon MOE 7 are mirror images
of the effects upon MOE 5.

3-8. SIDE EXCURSION. a. Because of the previously mentioned un-
expected effect of PC/PCINT (B) upon the personnel and weapons
MOE, additional model runs were made. The additional runs involved
the factors PC/PCINT (B), SENS (E), and DENTI (G). Factor B was
set at additional incremental values between the original lower
and upper values. The DIVOPS model was exercised with PC/PCINT
(B) set at 0.001, 0.1, 0.2, 0.3, 0.4, and 0.8. SENS (E) was set
at two of its original values--20 and 40; DENTI (G) was set at the
same values that were used in the sensitivity experiment. WAIT
(A) was set at 0, DELTHR (C) was set at 15, SENDLA (0) was set at
0, and TYPE (F) was set at 0. Table H-1 contains the model output
(the seven MOE) for SENS = 20, and Table H-2 contains the output
data for SENS = 40. After observing the constancy of output over
the PC/PCINT (B) values for SENS = 20, some of the PC/PCINT (B)
values were eliminated when the SENS = 40 runs were made.

b. No statistical analyses were performed on the side excur-
sion data. A visual examination of the tables answered the ques-
tion concerning the apparent counterintuitive PC/PCINT effect.
For fixed values of the other input values, detections and Red
kills increase and Blue kills decrease as PC/PCINT increased.
However, the maximum (or minimum) is quickly reached. Thereafter,
increasing PC/PCINT produces no impact upon the seven output vari-
ables analyzed. Results verified that PC/PCINT behaves intu-
itively. They also indicate the complex interrelationships among
the input factors of DIVOPS. Once a combination of the input val-
ues of two factors reaches a threshold, increasing the value of a
third input factor has no significant effect except for a small
increase in the number of detections.

3-9. ANALYSIS SUMMARY. a. General

(1) Throughout the above, rer-ated mention has been made of
a pattern and/or consistency between and among the MOE analyzed.
The pattern of the significance of the model input factors upon
the seven output variables is shown in Table 3-6. The table con-
tains the levels of significance of the F-ratios in the seven
ANOVA tables previously cited.

(2) With the exceptions of PC/PCINT (B), the influences of
the input factors (main effects) upon the output variables were
consistent with expectations. Concerning interaction effects, no
strong expectations existed. The sensitivity analysis, however,
identified strong interactions between some of the input factors.
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b. SENDLA. The sensitivity of DIVOPS to SENDLA is important.
SENDLA represents the time a sensor requires to process and commu-
nicate target information. Plans are to modify the DIVOPS Model
by making SENDLA a function of the battle intensity and the prior-
ity of the target being reported. The sensitivity experiment re-
sults indicate that the modification is neede. Although the
trend in effectiveness across all MOE decreases as SENDLA In-
creases, the rate of decrease is not consistent across all MOE. A
comparison of Figures E-l, F-I and G-1 (total numhbr of Red tar-
gets detected, Red personnel killed due to detection, and Red
weapons killed due to detection, respectively) shows that in Figure
E-1 a large decrease occurs between the low and middle level. 6n
Figure F-i, a large decrease occurs between the middle and high
levels, while in Figure G-1 the decrease is linear between all
levels of SENDLA. Although the range of values over which SENDLA
has its maximum effect on the MOE varies with the MOE, SENDLA does
produce a strong effect.

c. TYPE. The DIVOPS Model is sensitive to TYPE across all
MOE, however, the trend is not consistent across all MOE. For MOE
1, the greatest number of detections occurred at the high level of:
TYPE (all stationary sensors). For MOE 6 and 7 (Blue losses), the
fewest losses occurred at the middle level of TYPE (an equal num-
ber of mobile and stationary sensors). For the remaining MOE (Red
losses), most losses occurred at the low level of TYPE (all mobile
sensors). Since there was no constant trend, the exchange ratios
(Red to Blue) for total personnel and weapons losses were calcu-
lated. Table 3-7 contains the exchange ratios fcr the three lev-
els of TYPE for personnel and weapon losses (MOE 4/MOE 6 and
MOE 3/MOE 7). A t-test was performed to test equality of the row
ratios. The personnel r3tios (1.13 vs 1.02) were statistically
different at the 0.05-level of significance. However, the differ-
ence between 2.80 and 2.74 was not statistically significant at
the U.05-level of significance.
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Table 3-6. ANOVA Tests Significance Levels

tleasure of Effectiveness

Sourcel 1 2 4 6 3 . 7

A 0.05 0.001 0.001 0.05
B 0.001 0.001 0.001 0.001 0.001 0.001 0.001
C 0.05 0.001 0.001 0.001 0.001 0.001 0.001
D 0.001 0.001 0.001 0.001 0.001 0.001 0.001
E 0.001 0.001 0.001 O.001 0.001 0.001
F 0.001 0.001 0.001 0.001 0.001 0.001 0.01
G 0.001 0.00i 0.001 0.001 0.001 0.001 0.001
AB 0.01 0.01 0.01
AC
AD
AE
AF 0.05
AG 0.05
BC 0.05 0.05 0.05
BD 0.001 0.001 0.001 0.001 0.001 0.001 0.001
BE 0.001 0.001 0.001 0.001 0.001 0.001
BF 0.01 0.001 0.001
BG 0.05 0.001 0.001 0.001 0.001 0.001 0.001
CD 0.01 0.01 0.01 0.01 0.05
CE 0.05 0.05
CF
CG 0.05 0.05 0.05
DE
DF 0.001 O.UOI 0.001 C.001 0.01 0.001
OG 0.001 U.001 0.001 0.001 0.001
EF u.001 0.001 0.05 0.001 0.001
EG 0.001 0.001 0.001 0.001 0.001 0.001
FG 0.001 0.05 0.05 0.05 0.05 0.05

3-13
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Table 3-7. Red to Blue Exchange Ratios .y TYPE

Ratio TYPE

0 1 2

Personnel (MOE 4/MOE 6) 1.13 1.13 1.02

Weapons (MOE 3/MOE 7) 2.74 2.80 2.74
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CHAPTER 4

OBSERVATIONS

The seven DIVOPS Model output variables investigated are sensitive

to the seven input factors.

1. WAIT had the least effect upon the output variables.

2. DELTHR and WAIT do not in general interact with the other in-
put factors.

3. The PC/PCINT, SENDLA, SENS, TYPE, and DENTI interact strongly,
and their interrelationships appear complex.

4. Variability in the Total Number of Red Personnel Killed (MOE.
4) and the Total Number of Red Weapons Killed (MOE 5) is attribut-
able to the variability in the Number of Red Personnel Killed Due
tr Detection (MOE 2) and the Number of Red Weapons Killed Due to
Detection (MOE 3), respectively.

5. MOE 3 and MOE 5 are more sensitive to changes in SENDLA and
WAIT than are MOE 2 and MOE 4.

6. None of the Personnel N, OE nor the Weapons MOE can be predicted
from the Total Number of Red Targets Detected (MOE 1).

7. The model directly reflects the effects of saturation of both
sensors and fire support systems.

4-1
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AP~PENDIX D

MEASURES OF EFFECTIVENESS DATA

Appendix D contains the complete set of output data from the 243
model runs of the DIVOPS sensitivity experiment. The data are pre-
served here for future possible utilization. The first column contains
the cell identifications (See Chapter 2, 'paragraphs 2-1 and 2-2). The
next seven columns contain model output data of the following seven out-
put variables (MOE):

MOE Definition

1 Total Number of Red Targets Detected

2 Number of Red Personnel Killed Due to Detection

3 Number of Red Weapons Killed Due to Detection

4 Toal Nmberof ed Prsonel Klle
5 Total Number of Red Personne Killed

5 Total Number of Rled Weaponse Killed

6 Total Number of Blue Personne Killed

D-1
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Table D-1. Measures of Effectiveness Data
(page 2 of 6 pages)

CELL TO MOE 1 MOE 21MOE 3 MOE 4 MOE 56 .W 61OE 7

0111021 320 2978 144 6771 3733 7110 1448

0112201 239 3541 168 7347 3754 7110 1449

0112210 235 3150 198 6961 3774 7106 1445

0112-22 186 2197 89 5993 3677 7114 1451

0120002 137 1390 128 6043 3G92 6563 1346

012EI011 16883 3236 217 7808 3884 5517 1086

0120020 224 2653 183 7269 3780 6470 1320

0121200 1E9 3249 224 7866 3784 6450 1286

0121212 855 6048 333 10666 3913 5889 1181

0121221 389 3849 177 8418 3769 62U6 1270

0122101 239 3807 178 8355 3768 6291 1278

0122111' 235 3403 249 8026 3839 6441 1313

012212? 196 2547 105 7002 3716 6505 1332

02U0101 350C, 5013 429 9545 4008 6806 1439

0200110 510 3856 261 8505 3881 7521 1603

0200122 S4331 2182 134 6755 3753 6201 1338

02U1002 187 2419 102 7136 3751 7529 1609

0201011 248 2287 96 6926 3726 7528 1609

0201020 1e3 1933 105 6580 3730 7528 1606

02G2200 83 1184 56 5826 3681 7529 1607

U2112212 211 2155 83 6838 3731 7529 1609

0202221 91 815 26 5525 3675 7531 1639

0210if01 204 1360 129 5182 3715 7118 1451
021t0.01 315 3434 242 7250 3913 7104 1445

0210022 43221 2283 141 6053 37S5 5987 1235

0211202 234 3541 168 7347 3754 7110 1449

0211711 423 4328 219 8092 3786 7058 1434

0211220 111 1503 79 5293 3667 712C 1451

0212100 83 1729 88 5515 3670 7122 1451
0212112 212 2930 127 6728 3713 7113 1450

0212121 -93 1263 46 5052 3611 7123 1453

0221'2(11 3644 6157 523 1VE94 41n02 r342 10 4
02202111 498 490fl 471 9452 3925 5960 12 2

0220T222 12452 2217 136 6754 3795 5797 11i3

0221102 233 39317 179 83LS 37C8 F?91 12:8

0221111 432 4743 226 9323 3315 6n17 1233
0221120 113 1775 105 6-82 3706 6648 1355

02220011 80 1986 114 6592 3715 6644 1354

0222012 138 2295 92 6938 370nl 6629 135

0222C,21 98 1562 5a 6206 3666 6678 136 .

1ICI(0202 2494 7403 53S 11896 4080 F072 1225.
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Table D-1. Measures of Effectiveness Data
(page 3 of 6 pages)

1 MOE 1jM CE 2+ ME 31MCE 41IM06 Stm0lT dMOE 7.'

1U00211 I1't93 4377 3EJ9 8982 3979 '5722 1143

1L(10220 146 1161 71 5803 3697 7529 1607
lUUllO0 53 743 33 5383 3659 7528 1609
1E•U1112 2137 5849 345 10528 3961 6813 1441
11,u1121 ::":C ,-12 39 1 •5 tI•. 3920 6597 1389
1002001 106 1443 60 6122 3692 7529 1663
1002110 6 0 0 4639 3626 7523 1607

1b302122 177 1310 67 6000 3717 7523 1609
1010102 369 6029 464 9842 4005 6234 1273

1i10111 6172 4695 353 8759 4021 5626 1084
1 010120 74 933 54 4696 3626 7124 1451
1U11000 6 1 0 3759 3573 71293 13C1
1U11012 207 2094 122 5887 3707 71203 1452

it.11021 307 2256 148 6064 3735 7110 1450

10 12201 1435 7758 521 11536 4038 5995 1196

11312210 123 1764 101 5554 3683 7121 1450I
10,12222 3404 5957 421 9757 3-960 592n 1182

1020002 107 1711 122 6364 3732 6549 1341
10201111 467 2597 201) 7174 37C9 6191 1270]
11U200j21 n 7 105 4 4702 3610 6764 .1378

1t021201' 104 2383 146 6394 3744 6604 1346

1U,21212 3625 5362 39G 9383 4()27 5419 1042

1 221221 5701 4463 318 9067 3364 5415 1042

1022101 750 E523 383 11151 3968 58C2 12U5
1022110l 59 1123 62 5728 3665 6763 1377
1U2212? 1645 56I10 338 10236 3918 51354 1201
11.IE)1C 1 1145 6340 346 10990 3960 7034 1493

11001110 468 3592 236 8245 3859 7522 1532

1100,t22 64831 219? 134 6755 3757 F201 1338

11U111)2 160 2135 83 6792 3722 7530 1610
11U01111 265 2149 99 6833 3749 75301 1610

111U1020 135 1187 61 5830 3689 7E27 1607
110Z 2011 114 1553 78 62'1 3703 7529 1607
11132217 380 32110 141 7851 3771 7525 1605
1102221 182 1535 57 6220 3706 7523 1610

1110001 136 252n 111 6341 3695 7121 1453
111(;V10 210 2541 170 6344 3749 7113 1448

1 1022 38 637 260I 161 64{47 3322 5915 1203

1111202 342 4267 213 8072 3807 7047 1434
1111211 707 5357 ?95 9168 3264 6723 1366
1111220 157 1951 103 5748 3691 7118 1449
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Table D-1. Measures of Effectiveness Data
(page 4 of 6 pages)

CELL 10 MOE 1jMOE 21mor 31MOE 41MOE SI7o E GI OE 7
1112100 115 2259 123 6055 3704 7118 1449
1112112 384 4043 199 7856 3786 7096 1445
1112121 186 2197 89 5993 3677 7114 1451
1120201 1222 7449 44L 12077 4028 5686 1135
1120210 458 4621 192 9166 3891 6007 1232
1120222 32416 2217 136 6754 3795 5795 1193
1121102 341 4622 225 9185 3315 6068 1244
1121111 725 5591 295 10238 3348 5904 1215
1121120 158 2226 143 6836 3741 6570 1340
1122000 84 2105 123 6712 3723 6633 1352
1122012 144 2168 92 6799 3697 6648 1359
1122021 166 2221 89 6848 3699 6578 1346
12000Un 169 2300 125 6947 3750 7527 1606
1200012 5&523 2519 155 7103 3914 6140 1313
lZOt1f21 64831 2192 134 6755 3753 6201 1338
1201201 172 2183 83 6831 3807 7528 1608
1201210 211 2116 115 6761 3740 7527 1606
12U122e 182 1535 57 C220 3706 7529 1610
1202102 1OU 1376 49 6086 3698 7531 1610
1202111 191 1943 61 6623 3721 7530 1609
1202120 68 617 29 5258 3655 7529 1617
1210200 185 3131 192 6937 3768 7108 1446
12101212 43223 2374 146 6145 3781 5973 1231
1210?21 43221 2283 141 6053 3726 5337 1235
1211101 171 2396 128 6695 3714 7115 1449
1211110 214 2913 174 6727 3726 7113 1446
121112? 186 2197 89 5993 3677 7114 1451
1212002 94 1934 77 5709 3656 7129 1454
1212011 131 1926 77 5716 3649 7123 1452
1212020 70 987 49 4752 36?0 7124 1451
122U100 131 3404 240 8r28 3334 6406 13R6
122n112 32306 2291 1",2 6838 38007 4971 1185
122U121 72416 2217 137 6754 3742 5795 1127
1221100L1 116 248? lUE 7127 3716 590. 1349
1221010 161 2733 179 7355 3775 ,559 1337
122102? 196 2547 1t1£ 7177 3717 5505 1332
12222112 101J 2231 e8 6879 3698 ES25 1355
1222211 197 2989 127 7614 !736 65211 1335
1222220 72 1733 6. 5q42 3S71 606'9 1364
2U00101 1301 E496 398 11146 4012 6769 1426
200U11 U 64 673 31 5317 3657 7528 1607
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Table D-1. Measures of Effectiveness Data

(page 5 of 6 pages)

CELL 10 M'OE 1IMOE 2 MOE 3IMOE 4IMOE 5 mct, 6 MOE 7

2UU00.22 17582 4216 305 8812 3963 5831 1184
2LI01002 126 1674 74 6386 3724 7531 1611
2131011 224 1762 89 6448 3738 7529 1609
20U1f020 7 3 2 4642 3628 7523 1707
2002200 103 2761 70 6067 3696 7529 1607
2002212 2479 6351 371 10819 393,4 6648 1398
2U02221 3551 6358 350 10803 3907 6505 1369
20100301 127 2084 113 5908 3705 7120 n 1452
2010010 7 0 0 3759 3573 7128 1452
2LA10022 1244 3113 305 6916 3874 6653 1349
21111202 1621 7931 549 11F45 4039 5893 1159
2011211 3795 6161 470 9848 4•14 5755 1125
2111220 143 155S 100 5345 3683 7127 1385
2012100 53 1156 55 4922 ?626 7119 1449
2012112 1174 5779 345 9549 3889 6399 1309
20112121 1706 5744 344 11026 3889 6.92 1289
21J212021 1759 7229 503 11756 4080 5360 1019.
2020210 119 2007 125 6614 3724 6688 1362
2,2022 ? 1.6919 3143 200 7715 3870 5558 1101.
2L,21102 837 6658 415 11293 3990 5301 1130
2U21111 1812 5925 393 10399 3952 5722 1149
2L 21120 67 1020 S1 5C21 3664 6735 1444
202201101 5 S 2 4603 3608 6764 1378
2022012 121 172(0 81 6429 3689 6672 1364
2(122C21 163 1823 89 6457 3698 6607 1352
210000n 134 1913 101 6563 3727 7526 1606
2101u 12 35147 3271 211 7832 3849 592E 1228
21li0(21 56544 2513 15F 7095 3813 61413 1351
211)121U1 266 2372 129 7C-14 3757 7526 1608
2101210 Z8 4 265G 154 7106 3780 7525 16(05
210)1222 362 2556 107 7208 3738 7524 16115
2102102 171 2183 88 6831 3713 7528 1608
210V:111 352 3C1 130 7665 3760 7525 1695.
2202120 108 987 48 5629 3674 7529 1607
21101200 185 3131 192 6937 3768 7108 1446 -

2111712 43223 2374 146 6145 3781 5973 1231 "
2116021 43221 2283 141 6053 3765 5387 1235
2111101 266 3763 162 7430 3769 71115 1448
211111() 287 3445 227 7263 3801 7101 1444
2111122 370 3424 161 7233 3751 7090 1452
2112ft02 94 1927 78 5700 3656 7130 1454
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Table D-1. Measures of Effectiveness Data
(page 6 of 6 pages)

CELL. rD MOE 1IHMOE 2IMCE 31MOE 4IjMOE 5I1MOE 61?4CE 7
2112011 140 1843 81 5637 3653 7123 1452
2117020 96 1291 69 5081 3653 7128 1452
2120100 181 3404 240 8028 3817 6406 1306
2120117 32311 2296 142 6834 3799 5781 1186
2120121 32416 2217 137 6754 3795 5795 1191
2121001 116 2480 107 7126 3716 6589 1349
2121010 123 205C 130 6664 3729 6666 1358
2121022 329 3428 150 7887 3741 6323 1293
2122202 171 3126 140 7761 Z751 64S7 1322
2122211 365 4243 195 8807 3786 6159 126f"
2122220 11.-3 1775 169 6382 3706 .6648 1245
2200202 301 3200 143 7844 3772 7527 1608
2201,211 6,0832 2231 138 6804 3756 6203 1339
2200220 "1 2E6 2031 117 6719 3741 7525 1606
22u1110 89 1264 60 5907 3686 7529 1607
2201112 315 2733 114 7385 3743 7526 16U7
2201121 183 1535 57 6220 3706 7529 1610
2202101n1 83 1194 42 5874 3676 7528 160.9
2202010 109 1181 57 6080 3683 75ZS 1607
2202022 91 81 27 5525 3675 7531 1609
2210102 301 4012 2(10 7810 3789 7D84 1444
2210111 43222 2343 144 6113 3777 5977 1233
2210120 269 2773 177 6579 3754 7111 1445
2211000 86 1827 94 5616 367F 7121 1450
2211012 217 2615 116 6410 3701 7118 1452
2211021 186 2197 49 5993 3677 7114 1451
2212201 8 1740 67 5532 3641 7124 1452
2212210 134 2077 112 5870 3692 7127 1451
2212222 93 1263 46 5052 3619 7123 1453
222002? 116 2479 IU7 7125 3716 C589 1349
222001"11 27857 2510 155 7053 3817 5738 1173
2220U20 2E2 2976 218 7599 3817 6391 1313
2221200 89 2115 124 6719 3727 6631 1352
2221212 328 3313 178 8470 3767 6?7S 1284
2221221 196 2547 105 7176 3717 G50•. 1332
2222101 86 2002 78 665U 369n 6648 1360
2222110 136 2401 15U 7nl11 3747 6610 1347
2222122 93 1562 58 6206 3666 6674 1364

/
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APPENDIX E

DETECTION MOE

Appendix E contains summary statistics, statistical tests, and
graphical illustrations of the Total Number of Red Targets Detected.
Marginal and two-way means are presented and the analysis of variance
(ANCVA) table is given. Main effects and some interaction effects are
the.ý shown graphically. Discussion of the analysis is given in Chapter
3, paragraph 3-5.
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Table E-1. MOE I Marginal Means
(Total number of Red targets detected)

Level

Factor U 1 2

A - WAIT 4,284 5,832 5,488

B - PC/PCINT 2,236 0,353 7,U14

C - UELTHR 6,797 5,032 3,774

U - SENDLA 14,570 641 392

E - SENS 4,37U 5,125 6,1U9

F - TYPE 551 6,949 ',,1U3

G - DENTI 144 7,733 7,726

E-2
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Table E-3. MOE 1 ANOVA

Source of Uegrees of Sum of Mean square F-ratio
,driation freedom, squares

/

A 107,071,2b6 b3,535,633 1.z9**
B 2 1,U85,992,279 b4Z,99b,14U 13.Ub.
C 2 373,542,434 l1b,771,217 4,5U***

2 1U,bb7,b83,29U 5,333,841,b4b 128.52
L 2 123,17U.196 61,b58b,u98 1.4***
F I 2,681,617,4b2 1,34U,8U8,726 32.31**
G z 3,107,126,189 1,553,5b3,U94 37.43..

AB 4 b44,94U,197 lbl,235,U49 3.88
AC 4 30,916,1Z9 7,729,U32 <1.UU
Au 4 215,U41,bUb 53,7bU,4U2 1.3U
AE 4 lUU,383,U84 25,U9b,771 <I.UU.
AF 4 51U,741,427 127,b85,357 3.Ub.
A6. 4 567,598,b54 141,899,b64 3.42
BC 4 133,64Z,13b 33,41U,534 <1.UU***
BU 4 3,107,404,b39 791,8b3,b6U 19.U8

4 123,U13,656 3U,753,414 <1.UU**
BF 4 6U4,4U6,686 151,1U1,671 3.64*
6 4 52U,8b3,414 13,UZ15,854 3.14*.
CU 4 7U9,983,167 177,49!,791 4.28.
CE 4 557,918,db4 139,479,716 3.3b
CF 4 159,932,245 39,983,Ubl <I.UU
Ci 4 2U1,9b4,322 5U,491,080 1.2Z
UE 4 83,14U,991 2U,785,243 <1.UU***
OF 4 4,U1,311,243 1,22U,327,8i1 29.4U***
U6 4 6,?bU,221,5bU 1,31b,U5b,3jU 31.b9
EF 4 165,b52,116 41,413,UZ9 <1.UU
E(i 4 19U,328,U13 47,58ZUU3 1.1b***
FU 4 1,4Z3,Z92,U4U 33U,823,UlU 7.97
R 144 b,97b,299,787 41,5U2,U08

Total Z42 44,27b,249,u82

*-Significant at the U.ub-level of significance.

**-Significant at the u.Ul-level of significance.

***-Significant at the U.U01-level of significance.
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CAA-TP-77-9
APPENDIX F

PERSONNEL MOE

This appendix contains marginal and two-way means, ANOVA tables,

and plots of main and interaction effects of the three Personnel MOE:

MOE 2 - Number of Red Personnel Killed Due to Detection

MOE 4 - Total Number of Red Personnel Killed

MOE 6 - Total Number of Blue Personnel Killed

Two additional plots (Figures F-4 and F-5) of main effects are
given in order to facilitate the comparison between MOE 2 and MOE 4
and the comparison between MOE 4 and MOE 6. Following the two-factor r,

interaction figures, the PC/PC NT x SENDLA x DENTI and PC/PCINT x SENS x
DENT! three-way means are tabulated for each of the three MOE. Lastly,
the PC/PCINT x SENS x DENTI interaction is graphically illustrated for
each MOE. Analyses discusssion is given in Chapter 3, paragraph 3-6.
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Table F-2. MOE 2 Two-Way Means
(Red personnel killed due to detection)

B Ci

U 1 2 0 1 2

U 3,306 3,083 2.728 2,951 2,847 3,319
A 1 3,321 3,142 2,2U6 A 2,554 2,968 3,157

2 3,458 2,614 2,207 2,542 2.8u2 2,.56

U 3,189 3,348 2,58. 1.977 3,425 3,716
A 1 3,177 2,973 2,520 A 1,880 3,350 3,439

Z 2,851 2,97U 2,459 1,881 3,076 3,324

F G

U 3,433 3,252 2,433 1,989 3,536 3,591
A 1 3,3U3 3,072 2,294 A 1,841 3,577 3,251

2 2,989 2,876 2,415 1,79d 3,230 3.251

C U

0 3,377 3,395 3,313 3.1.81 3,519 3,4.85
0 1 2,638 2,927 3,275 B 3,221 3,221 2,391

2 2,U32 2,365 2,744 2,915 2,545 1,682 '

E F2

0 1,408 4,077 4,800 3,911 3,139 3,936
B 1 2,220 3,262 3,358 B 3,260 3,292 2,288

2 2,110 2,511 2,520 2,554 2,769 1,818

G 0

O 951 4,590 4,544 3,221 2,684 2,142
B 1 2,439 3,274 3,126 C 2,840 3,248 2,599

2 2,239 2,479 2,424 3,157 3,358 2,817

E F

U 1,716 3.114 3,216 3,024 2,813 2,209
C 1 1,948 3,36b 3,374 C 3,218 2,982 2,486

2 2,013 3,371 3,t89 3,482 3,405 2,448

6 E

U 1,521 3,269 3,257 2,229 3,402 3,587
C 1 1,928 3.Zb, 3,49b D 2,036 3,56b 3,689

2 2,180 3.814 3,339 1,473 2,882 3,N03

F

U 3,822 2,955 2,44u 2,375 3,b85 3,257
D 1 3,210 3,430 2,651 0 1.765 3,707 3,820

2 2,692 2,81b 2,05U 1,490 3,U52 3,U17

F G

U 1,486 2.U34 1,938 1,367 2,109 2,ZUI
E 1 3,731 3,488 Z,b31 E 1,994 3,98U 3,877

2 4.228 3,879 2,572 2,268 4,196 4,Ulb

U 1,925 3,993 3,806
F 1 2,225 3,532 3,444

2 1,479 2,819 2,844

F-3
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Table F-3. MOE 4 Two-way Means
(Total Red personnel killed)

B c

0 1 2 0 1 2

0 7,623 7,349 7,068 7.501 6,641 7,897

A 1 7,648 7,493 6,553 A 7,190 6.762 7,742
2 7.783 6,943 6,568 7,131 6,714 7.450

1 0 E

0 7,442 7.681 6,918 6.332 7,747 7,961
A 1 7.513 7.302 6,879 A 6,232 7,702 7,760

2 7,179 7,302 6,814 6,237 7,466 7,589

F 6

0 7,684 7,593 6,763 6,331 7.863 7,847
A 1 7,656 7,408 6,630 A 6,185 7,934 7.575

2 7.285 7,205 6,805 6,105 7,607 7,582

c 0

0 7.933 7.20. 7,880 7,423 7.815 7,816
B 1 7.202 6,740 7,863 B 7,473 7,573 6,739

2 6,688 Z.,156 7,345 7,237 6,897 6,056

E F

0 5,761 8,46C 8,825 6,185 7,46 7,413

B 1 6,566 7.593 7,623 5 7,532 7.634 6,619
2 6,473 6.853 6.863 6,908 7,116 6,166

G 0

0 5.235 8.972 8.848 7,764 7.325 6,746
B 1 6.790 7.612 7,383 C 6,644 7,030 6,443

2 6.596 6,820 6,773 7,736 7,930 7,422

E F

0 6,377 7,745 7.701 7.532 7.456 6,836
C 1 6,741 7.219 7,157 C 7,007 6,779 6,331

2 6.683 7,954 8,452 8,087 7,971 7,031

G E

0 6,124 7,890 7,809 6:511 7,739 7,826
C 1 5,718 7,111 7,288 0 6,387 7,902 7,995

2 6,76. 8,403 7,906 5,842 7,279 7,489

F 6N

0 8,086 7,285 6,762 6,716 7.912 7.506

0 1 7,550 7,752 6,983 0 6,112 8,038 8,135

2 6.989 7,170 6,453 5,793 7.455 7.363

F 6

0 6,133 6.388 6,280 5,720 6,525 6,556

E 1 8,064 7,840 7,014 E 6,338 8,370 8,210
2 8,428 7,978 6,903 6.564 8.509 8,237

G

0 6,219 8,333 8,073
F 1 6,579 7.866 7,761

2 5,824 7,205 7,169

F-4
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Table F-4. MOE 6 Two-way Means
(Total Blue Personnel killed)

S C

0 1 2 0 1 2

0 6,597 6,769 6,836 7,192 6,813 6,198
A 1 6,580 6,821 6.796 A 7.178 6,797 6,221

2 6,622 6,790 6,940 7,206 6,819 6,326

D

0 6,424 6,814 6,964 6,985 6,681 6,530
A 1 6,382 6,364 6,951 A 6,923 6,672 6,602

2 6,497 6,904 6,950 9,917 6,768 6,667

F

0 6,760 6,706 6,737 7,057 6,581 6,564
A 1 6,84., 6,660 6,691 A 7,067 6,580- 6,5S50

2 6,927 6,665 6,759 7,087 6,592 6,673

C0

0 7,043 6,596 6,160 6,473 6,599 6,727
3 1 7,232 6,867 6,261 8 6,382 6,955 7,043

2 7,303 6,946 6,323 6,447 7,028 7,097

E F

0 7,050 6,498 6,250 6,648 6,600 6,551
* 1 6,875 6,790 6,715 B 6,891 6,690 6,799

2 6.900 6,838 6,634 6,994 6,741 6,837

G 0

0 7,124 6.338 6.337 6,788 7,356 7,433
B 1 7,038 6,676 6,666 C 6,526 6,926 6,977

2 7,049 6,739 6,783 5,989 6,301 6,455

. jF

0 7,305 7,202 7,069 7,284 7,166 7,127
C 1 7,017 6,771 6,641 C 6,930 6,736 6,763

2 6,503 6,153 6,088 6.319 6,129 6-,297

G E

0 7,527 7,036 7,014 6,657 6,388 6,257
C 1 7,117 6,669 6,642 0 7,066 6,804 6,712

2 6,567 6.048 6,130 7,102 6,935 6,829

F G

0 6,694 6,244 6.365 7,020 6,130 6,152
0 1 6,885 6,827 6,870 0 7,091 6,753 6,738

2 6,954 6.960 6,952 7,100 6,870 6,896

F

0 7,087 6,896 6,842 7,092 6,884 6.849
C 1 6,789 6,652 6,686 C 7,076 6,536 6,514

2 6,656 6,483 6,659 7,043 6,332 6,424

0 7,077 6,720 6,736
F 1 7.046 6.460 6,525

2 7,089 6,573 6,525

F-S
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Table F-5. MOE 2 ANOVA

Source of Uegrees of Sum of Mean square F-ratio
variation freedom squares

A z 3,159,274 1,579,637 3.52***
6 2 39,301,978 19,650,989 43.81:**
C 2 7,442,549 3,721,275 8.3U***
D 2 17,277,724 8,638,8b2 19.26**
E 2 119,328,286 59,664,143 133.01.**
F 2 33,56b,8U7 16,783,403 37.42**
G 2 126,685,104 63,342,552 141.21.

AB 4 b,640,623 1,660,156 3.7U
AC 4 2,928,412 732,103 1.63
AD 4 1,585,U56 396,264 <1.OU
AE. 4 1,021,760 255,440 <4.0U
AF 4 1,87U,7U3 467,676 1.U4
AL6 4 1,41U,249 352,562 <1.UU
BC 4 5,U19,817 1,254,954 Z.80***
BD 4 2U,U46,256 5,U11,564 11.17"
BE 4 63,446,431 15,861,608 35.36***
BF 4 9,819,4UU 2,454,85U 5.47
B6 4 120,314,053 3U,078,513 67.Ub
CD 4 8,281,172 Z,U7U,293 4.62
CE 4 2,168,762 542,19U 1.21
CF 4 1,637,78: 4U9,445 <1.00
C6 4 4,745,232 1,186,308 2.64*
DE 4 1,478,873 369,718 <1.UO***
DF 4 10,613,035 2,653,259 5.91**
OG 4 9,523,737 2,380,934 5.31*
EF 4 23,883,855 5,97U,964 13.31
EG 4 14,U71,9U5 3,517,976 7.84.
FG 4 5,7U4,823 1,426,2U6 3.18
R 144 64,594,294 448,571

Total 242 727,567,947

*-Significant at the 0.05-level of significance.

**-Significant at the 0.01-level of significance.

***-Significant at the 0.001-level of significance.
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Table F-6. MOE 4 ANOVA

./

Source of Degrees of Sum of Mean square F-ratio
variation freedom squares

A 2 2,5u7,3U4 1,Z53,652 2.79
B 2 37,1UU,428 18,55U,214 41.b5:::
L 2 4U,U37,769 2U,uId,db5 44.62**
0 2 15,428,242 7,714,121 17.19*
E 2 112,297,989 56,14b,994 125.156**
F 2 3U,294 939 15,147,47u 33.7b*.*
b 2 126, 7 U9,15d 63,354,579 141.21"

AB 4 6,927,496 1,731,874 3.a6
AC 4 2,619,33u 654,832 1.46
AD 4 1,9UU,9U2 475,226 1.Ub
AE 4 75u,777 Ib7,094 <I.uU
AF 4 2,66u,576 665,144 1.4b
AG 4 1,u92,4d5 Z73,121 <1.UU*
BC 4 4,94u,113 I,e35,u2b e.75***
BD 4 ib,bu9,733 4,b27,433 1u.31***
BE 4 61,495,131 15,373,7b3 J4.27***
BF 4 lu,2U6,214 2,551,55j 5.b9***
BG 4 127,ubl,444 31,76b,361 7u.bU*,
CD 4 b,753,1d2 1,bb,295 3. 7b
CE 4 3,uu4,1u6 751,U27 1.07
CF 4 e,Ubz,953 515,736 1.15 -4
CG 4 4,279,574 l,ub9,693 Z.36
DE 4 1,532,457 J63,114 <1.uu
DF 4 9,dU2,u76 e,4bu,b19 5.46***
DG 4 lu,637,912 Z,b59,476 5.94***
EF 4 2u,e53,55u 5,u63,367 1i.29,**
Eu 4 14,3ie,3bb 3,b•u,342 7.96
Fu 4 6,133,7d3 1,533,446 3.42
R 144 o4,6u5,1uI 44o,647

Total 242 745,9Žb,u•i

See Table F-5.
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Table F-7. MOE 6 ANOVA

Source of Uegrees of Sum of Mean square F-ratio
variation freedom squares

A 2 138,461 69,230 1.33
B 2 2,919,U83 1,459,542 28.09***
C 2 36,527,56b 18,263,783 351.bU***
U 2 12,484,368 6,242,184 120.13"**
E 2 4,947,703 2,473,852 47.61"**
F 2 1,185,529 592 765 11.41**
G 2 12,474,534 6,237 267 120.U4***

AB 4 221,764 55,441 1.U7
AC 4 129,738 32 434 <I.U0
AD 4 158,805 39,701 <1.U0
AE 4 337,029 84,257 1.62
AF 4 338,635 84,659 1.63
AG 4 121,032 30,258 <1.UU
BC 4 322,422 8U,606 1.55
1D 4 2,210,643 552,661 10.64"**
BE 4 4,540,105 1,135,026 21.84"**
BF 4 365,789 91,447 1.76
B6 4 2,599,535 649,884 12.51"**
CD 4 5b6,086 141,521 2.72*
CE 4 463,481 115,870 2.23
CF 4 351,695 87,924 1.69
CG 4 118,971 29,743 <1.U0
DE 4 140,687 35,172 <1.00
OF 4 1,794,999 448,750 8.64"**
DG 4 4,449,714 1,112,428 21.41"**
EF 4 537,136 134,284 2.58*
EG 4 1,995,797 498,949 9.60***
FU 4 556,108 139,027 2.68*
R 144 7,482,223 51,960

Total 242 100,479,640

See Table F-5.
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APPENDIX G

WEAPON MOE

The contents of this appendix parallel the contents of Appendix F.
First, marginal and two-way means, ANOVA tables, and plots of main and
interaction effects are presented for the three Weapon MOE:

MOE 3 - Number of Red Weapons Killed Due to Detection

MOE 5 - Total Number of Red Weapons Killed

MOE 7 - Total Number of Blue Weapons Killed

Finally, the three-way means of PC/PCINT x SENDLA x DENTI and
PC/PCINT x SENS x DENTI are given and plots of the PC/PCINT x SENS x
DENTI interaction are illustrated for each of the three MOE. Discussion
of the analyses of the Weapon MOE is given in Chapter 3, paragraph 3-7.
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Table G-1. MOE 3, 5, and 7 Marginal Means

MOE 3 Red weapons kiIled due to detection

Level

Fartor U 1

A - WAIT 19U 16b 155

B - P/PCINT 219 164 129

C - DELTHR 153 173 187

U - iENDLA Z10 171 131

E - SENS 106 195 211

F - TYPE 19Z 183 13b

6 - DENT1 114 20U 198

MOE 5 Total Red weapons killed

A - WAIT 3,189 3,774 3,759

B - P/PCINT 3,814 3.771 3,737

C - DELTHR 3,779 3,754 3,789

U - SENDLA 3,819 3,771 3,732

E - SENS 3,716 3,794 3,811

F - TYPE 3,787 3,789 3,745

G - DENTI 3,712 3,807 3,803

MOE 7 Total Blue weapons killed

A - WAIT 1,38W 1,391 1,403

B - K/PCINT 1.347 1,4U4 1,424

C - UELTHR 1,529 1,377 1,269

U - SENDLA 1,324 1,414 1,436

E - SENS 1,437 1,385 1,352

F - TYPE 1,4Ub 1,378 1,390

- DENTI 1,4b2 1,352 1,36U
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Table G-2. MOE 3 Two-way Means
(Red weapotis killed due to detection)

B C

U 119 I81 164 I 114 413
A I ZzU 16b 114 A 14 176 |If

2 l11 141 109 13 169 16S

u •14 Id 13. ill 114 239
A I M 164 131 A lIu 194 m

a IOU 163 114 IU 176 191

F

0U 24 ZUS 144 Ike 217 226
A I 19U 111 132 A Ii0 iu3 169

1 162 16 139 101 1OU IW/

C"

o ul 2JU 218 U2S 226 2 s
1 I 145 16b 16J I 2W 167 117Sl•06 123 16O 196 119 12

E F

U 91 263 3u2 246 10u 149
5 1 11 1ds 189 a I 18 14 ll

2 109 136 142 141 164 92

u 51 Zu99 3u 21C 139 101
* 1 149 18 116 C 193 1"4 13
2 141 113 113 218 IV 164

E F

U 96 Ill 14I 114 1$9 1US
C I lug uS lus C 193 119 146

9 116 202 24 29 2ug 141

E

u di 186 1W 153 1 34 A24
C 1 116 a 14 15 D iuv 1490 214

i 14b i22 1W b 1W1 177

F 1

U 2bU 206 163 163 k43 .33
U 1 Il 196 141 u14 M Zu1

I li3 14b l1u 64 16 16

F I-

0 90 1141 111 83 116 120
E 1 224 208 163 C 122 231 231

2 2bi 223 149 136 k54 243

U 109 137 230
F 1 141 IV6 201

1 91 167 164

G-3
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Table G-3. MOE 5 Two-way Means

(Total Red weapons killed)

J.we 3 ?W 3,11 J. 76 J.7 d

A 1 ,I Jo1 4o , 7 b4JIJ j,.u 7 3 ,79 '5 bi I
A1 3.197 377 3. 1 0 A 3, 174I 3,711 J. 81 J. o

vI i'oi J, dub 3.744 3,120u 3.4440 3.tW
A 1 3,189 J. 7,17 J, 74U A 3. lio ~ 4,80117uu

j .9 3, 10bo71 3,711I 3,7071.Iu 3.7Ia 0.6b

L L

0 13J.114 3, Ib .J. 7849 3. 14J 3, 7b6 3.723
A2 3,741 3.7U9 3,7bl A i7u2 3.81a J~d

E. F

U 3bb 0ud 194 3,U31 3.613 3.79
8 1 4,I14 j,7569 J.793 8 3,704 3,1%6 3.734

13,741 3, 7u9 3.Id 701 ,04 3 728 .3,bsJ

L F

J,73,30 4, 3,79 94du 3,o3U 3, 709 3.798
OI 3,741 ,3,7bi 4./9.3 D J.763 3,795 3.733
e 3,721 3,743 45,d44 3,747 3.701 3.7U1

U 3,052 3,917 J,d14 3,730 3,641 3.731
L I 3,740 J,715 370 3.797 Ju 3,7914 3.811

2 3,735 3,740 4,731 3,b29 3,70.3 3,71u

I. u

UI 3,743 3,79 3,183 3.790 3,709 J.648
U 1 3,793 J.791 4,74b D 3.703 3.700 3.733

i 3,14U 3,147 3,844 3,0442 3.753 3.751

U 3,406 3,b70 J,IZ4 Jlbd J.3204 3.7J4
E I Jt1 3, 81.J 4,7 3.7S4 E 3,7148 3.791 3,H31

1 31.84 3,828 3,799 J.3,17 J,75b 3.1744

U 4,840 3,83b 3,7831654 3001 .. 4
F 1 3,174 3,81b 3,W74b 0374 3,44 ,00

U ,090 3,17b 3,7734083.3 ,3

1G,1-,44 474 C ,24 3,3 ,3



CAA-TP-77-9

Table G-4. MOE 7 Two-way Means

(Total Blue weapons killed)

A 1,01.4 1.4iz 1.415 A 1.Sd4 1.JW 1,0?1
£ .344 1.40j 1.441 1,b3p 1.34M 1.204

U .314 1..3li 1,433 1,44u 1.J69 1,3ev
A .318 1.41S 1.441 A 1.4.i4 1. 82 1.350

1.342 1I432 1.4J6 1.4ja 1.4U4 1.369

F I.

U ý..7$ 1.3?? 1.3w? 1,46, 1,337 1,341
A I 1.4J3 1.7? 1.303 A 1.409 ..3b4 1.3J411

21.031 1.4710 I.311 1,66d ,3%b I'vew

c 0

I 1.~ -.0t I ,V4 .1.2?1 1 1,31b 1.4jV 1.06w
2 1.W4 1.417 1.ZV4 1.341 1.058 1.411

u .4%4 1.321 1,156 1.s4a 1. 3b.. 1.343
I I1.424 1.4CA 1.iwj 1.414 1.3N1, 4.j -1
1 1.431 1.4.0 1,407 1,447 1.4ub 1.41o

4 U

u 1.427 1.Vw.P 1,.,fa C 1.4jý 1.347 1,372

II 1..4W 1,i43 1,j47 c 1.311 1.4.V.. 1.414

9 1,4W5 1.395 1,412 1,4ib i1sdl 1.31W

1 1.41l 1. ho I,j4v, c 1.44ý4 1.jb? 1,351

LU1 1,444 J,374 1,3J441to .v Ij
F 1 .J 1,47 .32 1,3411,0 43 14V

u 1,4bi 1,405 1,Q3474U 14e ,1

E 1 ,J47 I.V 1,JJ E1,4b I~3,1G,35
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Table G-5. MOE 3 ANOVA

buurce ot Oegrees of Sum of Mean square F-ratio
variation freedom squares

A 5 l,149 15,j74 7.93**
S.33U,1jj lb5,Ubb bl.17-*

- 2 47,411 23,7U5 7.35**-
L) Z 48,9b5 124,493 38.59**
E b5b,423 1b7,711 79.2:***
F 2 136,eb5 b8,143
U 2 394,583 197,291 b1.Ib***

AB 4 Z8,Zb7 7,Ub7 Z.19
AC 4 ZZ,314 5,b7b 1.73
AL) 4 24,ZIZ b,U53 1.b8
AE 4 7,8&s 1,957 <I.UU
AF 4 24,421 b,IUb I.b9
AG 4 7,817 1,954 <1.00
dC 4 Id313 4,57h 1.4Z

BU4 W, 7t5 20,bi88 .2*
dE 4 tb'),49e b7,373
ýF 4 29,U22 7,Z55 2.Zb
BU 4 7bb b7d 191,b69 59.41-**
CD 4 4b6,ZJ 11,55b 3.bb**
CE 4 16,407 4,107 1.7
CF 4 IU,955 4,739 <I.UU
CU 4 4Q,btbu IU,b45 3.3U*
AE 4 b,428 1,bU7 <I.UU
OF 4 )4,77 13,b8Z 4.24**
UG 4 9,J68 Z,Z97 <1.0U
EF 4 lb, 4 be 31,613 9.bu***
EG 4 69,354 17,338 5.37***
Fu 4 43,b5l 1U,913 3.3b*
S144 4u4,549 4,ZZ6

Total 24Z 4,895,bli

*-Significant at the 0.05-level of significance.

**-Significant at the 0.01-level of significance.

***-Significant at the 0.001-level of significance.

G-6
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Table G-6. MOE 5 ANOVA

Source of Degrees of Sum of Mean square F-ratio
variation freedom squares

A 2 34,966 17,483 8.15***
B 2 240,111 12U,U5b 55.97***
C 2 52,092 26,U46 12.14***
0 2 312,918 156,459 72.94***
E 2 419,275 209,637 97.73***F 2 98,399 49,200 22.94***
G 2 473,224 23b,612 11U.3U***

AB 4 16,402 4,1UU 1.91
AC 4 12,981 3,245 1.51
AD 4 8,338 2,085 <1.0U
AE 4 9,376 2,344 1.09
AF 4 19,799 4,950 2.31
AG 4 5,492 1,373 <I.UU
BC 4 7,829 1,957 <1.0O
BO 4 52,827 13,207 b.1b***
BE 4 244,452 61,113 28.49***
BF 4 18,415 4,6U4 2.15
BG 4 609,990 152,498 71.U9***
CD 4 13,891 3,473 1.62
CE 4 22,884 5,721 2.67*
CF 4 7,934 1,984 <I.UU
CG 4 27,263 6,816 3.18*
DE 4 3,152 788 <1.U0
OF 4 12,434 3,109 1.45
DG 4 11,812 2,953 1.38
EF 4 94,577 23,644 11.U2***
EG 4 5U,633 12,658 5.90***
FG 4 25,462 6,366 2.97*
R 144 308,896 2,145

Total 242 3,215,821

See Table G-5

G-7
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Table G-7. MIOE 7 A•:OVA

Source o, Degree of Sum of Mean square F-ratio
variation freedom squares

A 2 2Z,7b, 3.44*
B 2 259,744 129,d72 39.23***
C 2 2,771,3b8 1,365,bb4 418.52***
U 2 b6b,649 283,j24 3b.57**
E z 3UU,541 15,UZ71 45.39***
F ? 33,234 16,b17 b2*

G z 615,384 307,692 92.93***
AB 4 9, -2 2,38 <I.UU
AC 4 4,818 •,•2u5 <1.U0
AD 4 11,663 2,916 <1.UU
AE 4 16,342 4,U85 1.22
AF 4 26,452 bb13 2.0U
AG 4 7,296 1,85 <1.00
BC 4 34,833 8,7U0 8.63"
BD 4 82,830 2U,707 b.25***
bE 4 278,841 69,71U 21.U5***
BF 4 21,832 5,458 1.65
BG 4 218,111 54, 528 16.47***
CU 4 44,389 11,U97 3.35*
CE 4 10,714 2,57d <I.UU
CF 4 5 WI1 1,425 <1.UU
CU 4 ib,15e 4,U4U 1.22
DE 4 15 585 3,696 1.18
[F 4 81,411 20,353 6.15***
[G 4 210,U32 52,5U8 15.b66**
EF 4 15,824 3,956 1.19
EG 4 1U8,142 L7,036 8.17***
FU 4 19.421 4.855 1.47
R 144 476,776 3,311

Total 242 b,286,4U2

** See Table G-5
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Figure G-6. 1,0E 3 PC/PCINT x DENTI (BG) Interaction
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APPENDIX H

SIDE EXCURSION

Because of unexpected analysis results concenring the PC/PCINT
effect, additional model runs were made involving PC/PCINT (B),
SENS (E), and DENTI (G). Output data from the side excursion to the
sensitivity experiment is presented in this appendix. Discussion of
the side excursion is given in Chapter 3, paragraph 3-8.
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Table H-i. Side Excursion of PC/PCINT and DENTI for SENS=20

MO I1 MOE 2 MOE 3
0 0 G

U.UUO.W6 1 .5 L 3.U 0.U 6 1.5 1 3.U U.UUUUU6 M . .

U.U(JI b 465 465 dU 3,98b 3,986 4 337 331

U.1 255 1,607 1,bU7 4,176 5,214 5,214 62b 458 458

U.2 255 1,759 1.759 4,176 5.214 5,Z14 326 45b 458

0.3 255 1,768 1,768 4,176 5,214 5,214 32b 458 458

u.4 265 1.778 1,778 4,176 5,214 5,214 326 458 458

U.8 255 1,800 I,80m 4.176 5,214 5,214 326 458 46b

MOE 4 MOE 5 #( 6

U.U43 4,671 8,594 8,594 3,61u 3,924 3,924 7,b9 6,685 6,685

U.2 8,834 9,848 9,848 3,9U2 4,027 4,027 7,U54 6,534 6,534

U.1 8,633 9,848 9,848 3,9U2 4,U27 4,U27 7,U54 6,534 6,534

U.3 B ,833 9,b48 9,848 3,9UZ 4,027 4,027 7,054 6,534 6,534

U.4 b,833 9,848 9,848 3,9U2 4,027 4,U27 7,U54 6,534 6,534

U.8 8,883 9,848 9,848 3,9U2 4,U21 4,U27 7,054 6,534 6,534

MOE 7

U.UUI 1,378 1,212 1,212

U.1 1,279 1,163 1,163

U.2 1,279 1,13 1,163

U.3 1,279 1,163 1,103

U.4 1,279 1,163 1,163

0.8 1,279 1,163 1,1j

H-2
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Table H-2. Side Excursion of PC/PCINT and DENTI for SENS=40

OE I ME 2 JE 3

- .OU0 1.5 163.0 O-3 .O 6 bI 3.0 0.U0006A2.5 E 3. 0

O.01 11 900 90U Z87 5,289 5,289 13 461 41

0.1

0.2 255 3,561 3,561 4,176 6,157 6,157 326 529 529

0.3

0.4 255 3,561 3,561 4,176 6,157 6,157 326 529 59

0.8

MOE4 MOE5 O E6

0.U01 4,84 9,925 9,925 3,617 4,U29 4,029 7,569 6,535 b,535

0.1

0.2 8,833 10,694 10,694 3,902 4,102 4,102 7,0.4 6,113 b,113

0.3

U.4 8,833 10,04 10,694 3,902 4,102 4,102 7,054 6,113 6.113

0.8

MDE 7

U.00I 1,378 1.163 1,163

0.1

0.2 1,279 1,014 1,014

U.3

0.4 1,279 1,014 1,014

0.8

H-3


